In the European countries of the Mediterranean basin, pastoralism is affected by environmental issues. Grazing on rangelands enables open landscapes, including both habitat and biodiversity, and is also one way to control forest fires. In addition, rangelands provide cheap feed and ensure a link with the territory, thus valorizing animal products guaranteeing economic returns to livestock farmers. In this manner, pastoral systems contribute to sustainable development. Nevertheless, the economic viability of pastoral farms is faced with uncertainties.
In arid lands of West and East Africa, pastoralism is not only a livestock production system but also a livestock-based livelihood strategy and a way of life with its own sociocultural norms and values (Ayantunde et al., 2011) . Today's changing contexts raise the issue of the sustainability of pastoral systems. They face demographic, economic, sociopolitical and climatic pressures which drive many pastoralists to switch to non-livestock-based livelihood strategies (Barbier and Lopez-Ridaura, 2010) . Despite the central function of livestock in reducing poverty and supporting food security in these countries (FAO, 2011) , the sustainability of pastoralism is questioned.
However, assessing sustainability of pastoral systems is still a major scientific issue. Concerning pastoral systems in Africa's arid lands, Ayantunde et al. (2011) stressed the need for a holistic approach to address the sustainability of pastoral systems, whereas many attempts have been made to address it from a single perspective. In the Organization for Economic Cooperation and Development (OECD) countries, many approaches have been developed to evaluate production systems from an environmental perspective, using methods such as the life cycle assessment (Van der Werf and Petit, 2002; Piorr, 2003) . Some holistic approaches have recently been developed by researchers, with ex ante assessment of projects or scenarios (Terrier et al., 2010) , or diagnoses of current situations (Lopez-Ridaura et al., 2002; Ripoll-Bosch et al., 2012) .
In France, the IDEA 4 method was the only multisectorial analysis identified by Guillaumin et al. (2009) in a review of available methods for extension services to evaluate the contribution of ruminant production to sustainable development. This method is based on the attribution of a sustainability score to a set of indicators, combining environmental, social and economic dimensions. The scores are attributed with respect to an ideal mixed crop-livestock system. But the method is still not entirely satisfactory since it focuses on the farm and the land cultivated around it. Relations between the farm and the pastoral area over which the livestock moves are not taken into account. A diagnosis on the sustainability issues of each pastoral system needs to be performed in order to encourage debate between stakeholders without an a priori model of sustainable pastoralism.
The sustainability of a system can be assessed in several ways (Hopwood et al., 2005) . Two main approaches are described in the literature. The first uses the definition of sustainability as a starting point for the construction of an assessment grid. In this case, the aim is to define sustainability using the scientific literature, official texts and/or participatory methods, and to use this definition as the basis. The second approach defines the object to be assessed as the basis for constructing the grid (Lopez-Ridaura et al., 2002) . It consists in defining the systems, determining their main stakes, constraints and objectives, and using them to build the grid. We combined the two approaches in order to be i) as exhaustive as possible with respect to the sustainability concept, and ii) as close as possible to the specificities of pastoral systems.
Methods to develop a principles and criteria framework
Starting from a review of the literature on sustainability assessment, we built a framework based on 'principles' and 'criteria' that we called the Pastoral Systems Sustainability Assessment Framework (PSSAF), for further development of grids to enable a diagnostic approach of sustainability stakes for pastoral systems in their territories. Principles refer to the main topics that structure our assessment of sustainability. They can be used systematically for all kinds of systems but also reveal our point of view on sustainability (Boutaud and Brodhag, 2006) . Given that a grid needs to be system specific, defining the criteria allows the introduction of items that are specific to the systems. In a final step, indicators represent the concrete information and data to be collected. These indicators must be specific to the territory as they depend on the socioeconomic and biophysical context as well as on the availability of data for each territory.
In order to develop principles, we first used knowledge of a pool of experts on pastoral systems. We then confronted our view on pastoral systems to results/observations on sustainability in various fields in the literature (e.g. animal sciences, economics and social sciences).
To build the criteria, we used the literature and information collected during interviews with experts; 10 interviews were conducted with experts in research or development institutions in Senegal, and 15 in France. We selected the researchers based on their disciplinary approach (to ensure multidisciplinary points of view), and only in the French speaking scientific community (to make sure nuances could be expressed and understood during interviews). We included both private and public development organizations [consulting firms, non-governmental organizations (NGOs), government services] to ensure a wide range of discourse about pastoral systems wherever their location. This enabled us to achieve a high level of understanding of pastoral systems, and their technical, social and economic strategies. The range of experts we interviewed enabled us to highlight crucial strategic elements of pastoral systems, to assess the relevance of the 10 principles, and define the criteria for each principle.
■ RESULTS

Framework of three fields to be analyzed and ten principles
A territory provides certain resources (availability) for farming systems (Figure 1) . A system must control access to resources (accessibility), has to cope with external shock (vulnerability), and finally has more or less influence on the territory (impacts). These elements were considered with the aim of maintaining the production system and ensuring its renewal. Moreover the aim of our grid was to enable assessment in the sense of the diagnosis of a system. We defined the main structure by referring to several theoretical corpuses on sustainability assessment through three fields of analysis: -'Availability of resources in the territory'; -'Properties of the system'; -'Extended sustainability'.
The fields chosen for the assessment grids had the advantage of allowing a transversal approach including the classic three pillars of sustainable development (economic, social and environmental). Within each field of analysis, we defined several principles based on our point of view on sustainability ( Figure 2 Figure 1 : The object to be analyzed: a pastoral system in its territory. Revue d'élevage et de médecine vétérinaire des pays tropicaux, 2015, 68 (2-3) : 135-142
Availability of resources in the territory
Addressing the sustainability of systems at a territorial scale means analyzing factors that enable the renewal of the systems. Natural sciences mainly focus on the links between the human system and the biophysical environment, and consider environmental sustainability as the mainstay of natural capital (Goodland, 1995) . In this approach, the environment is viewed as a resource for human systems so that one needs to preserve it. This approach led us to consider several components of the territory as resources for farming systems (Thompson and Nardone, 1999) . This may concern the links between a farming system and its biophysical environment (as an ecosystem) but also its links with the territory as a whole, including economic and social interactions. We then considered the productive activity of the systems as well as their social and cultural dimensions. Here we defined a territory as "an area used and managed by human societies" (Brunet et al., 1992) . We organized territorial resources in three categories of principles: i) biophysical, ii) organizational and iii) socioeconomic resources. Finally, under Availability of resources in the territory, we chose to introduce the notion of relationship between farming systems and society. Here we stressed the importance of assessing the cultural and political links between a farming system and the society in which the system is embedded.
Properties of the system
In parallel with the concept of resource availability, we analyzed the Properties of the system, firstly on the access to available resources and secondly on the vulnerability of the system. The notion of accessibility is a way of accounting for the capacity of a system to use available resources. Sen (1983) highlighted the need to distinguish between the availability of resources and their accessibility for the systems through system entitlements; individuals' entitlements are the economic, social, political characteristics that determine their access to goods and services (Bertin, 2003) ; they are also called capabilities by McKenzie (2004) . In our approach to farming systems, we defined the capabilities of farming systems and their access to resources through the spatial organization and the economic and social capital. By Properties of the systems we meant the characteristics linked to the management of vulnerability. The vulnerability concept is frequently used to address the issues of sustainability and adaptation to global changes. In addition, it can be used to analyze socioecosystems (Décamps, 2007) .
The aim was to understand how a system reacts when it is affected by an external shock but also to measure its capacity to adapt to more regular changes. We believe it is vital to consider this point in a rapidly changing world.
Extended sustainability
Finally, the sustainability of pastoral systems could refer to the balance between the outputs of the farming systems (environmentally and socioeconomically). We applied the concept of Extended sustainability developed by Terrier et al. (2010) . We thus considered the different dimensions of how systems could contribute to the sustainability of territories. The field Extended sustainability concerned the assessment of the contribution of farming systems to the sustainability of territories. This implied assessing the contribution of farming systems to the biophysical environment (Zhang et al., 2007) as well as to local development. Determining their influence on local development required assessing their contribution to the conservation of rural life in a given territory, i.e. their social and economic consequences.
Definition and specificities of pastoral systems
To build the criteria associated with these principles, we used the definition of the specific objet to be assessed, the pastoral system. We chose contrasted situations as analytical support (the South of France, North Africa, sub-Saharan Africa) and used a common definition of pastoral systems, i.e. extensive production systems based on herbivorous livestock rearing, on spontaneous resources (Daget and Godron, 1995) . In sub-Saharan Africa, pastoralists rely mainly on spontaneous resources, sometimes providing cereals as supplementary feed during a drought, or crop residues after harvest (Homewood, 2008) . In Mediterranean systems, spontaneous resources are used as often as possible, but during winter forage and cereals are very often provided as supplementary feed (Bourbouze and Lazarev, 1991) .
Spontaneous resources vary considerably and are tightly linked to climate conditions. This sensitivity to climatic variations has major consequences for pastoral systems which have to cope with the temporal and spatial variability of resources and are generally organized around the growth pattern of the resource concerned. This means that the system requires large amounts of land if cheap resources are to be exploited all year round and may require two main types of strategies: i) mobility and ii) the management of resources of several different origins that depend on different forms of land tenure. Our aim was to design a grid able to assess pastoral systems using these two strategies.
The first specificity of pastoral systems, mobility, is linked to the spatial and temporal variability of resources. Several schemes have been developed to portray mobility (Adriansen, 1999; Homewood, 2008 ) in different regional contexts and including a wide range of durations and amplitudes. Regardless of the scale of mobility (within the farm, within the territory or between territories), we considered mobility as a way to cope with unpredictable events (Wiese et al., 2008; Adriansen, 1999) . In practice, beyond seasonal variability of resources, extreme variability (for example drought) is often managed by pastoralists through mobility. This temporal and spatial flexibility is an advantage for pastoral systems in unpredictable conditions (Davies, 2008) .
The second specificity of these systems is managing a variety of feed resources that differ not only in terms of botanical composition but also in terms of land tenure. The role played by land ownership varies considerably depending on the system concerned. For external resources, a wide range of land-tenure systems exists. Pastoralists have to cope with these different types of tenure (Thébaud and Batterbury, 2001) and they generally maintain long-term relationships with land managers to ensure regular access to the main resources they need for their animals, but they may also need to develop rapidly other alliances for instance in case of extreme events or in the face of high uncertainty. Then in each social context, pastoralists need to belong to social networks to be efficient. Based on this definition and the specificities of pastoral systems, we proposed a set of appropriate criteria.
Criteria to characterize the three principles of sustainability of pastoral systems Criteria related to Availability of resources in the territory
The main spontaneous resources for pastoral systems are rangeland and water (Table I) . They vary in time and space and involve several possible resource tenures. Their availability is critical for the survival of pastoral systems (Bouche, 2011) . Among biophysical resources, we include both functional characteristics and resource renewal and their spatial distribution within the territory (Homewood, 2008) . This implies assessing ecosystem dynamics (functioning and renewal) and the range of resources available in the territory (Von Wehrden et al., 2012) .
Concerning organizational resources (Table I) , some are linked with the management of pastoral resources (Thébaud and Batterbury, 2001) . Land tenure, access rules, knowledge and social relationships must be considered to assess sustainability. The second part of organizational resources is not linked to the management of pastoral resources but to the variety of professional networks. These networks may be a major component of the sustainability of pastoral systems because of the role they play in day-to-day activities of the systems (health and technical services, marketing) but also their role in the need for change.
Socioeconomic resources were analyzed to evaluate the basic needs of a family (Table I) . These included food security as well as quality of life. Unlike studies on food security in the literature, which are mainly based on household or individual food security (Maxwell and Frankenberger, 1992) , we assessed global availability at the territorial scale combined with accessibility principles. The quality of life and welfare is far more complex and is specific to local contexts. Consequently, we suggest that grid users select the factors they consider the most important for the territory concerned, which may assess socioeconomic needs (education and health) as well as the quality of the natural environment.
Given that society is increasingly concerned with sustainable development, the relationship between society and farming systems needs to be identified as a precondition of sustainability. We analyzed this relationship as a potential territorial resource for farming systems based on social recognition of the systems and, as a consequence, politicians' commitment to ensuring the survival of pastoral systems in their own territories (Hesse and Thébaud, 2006) .
Criteria related to Properties of the system
We addressed here the implicit Properties of the system (Table II) , i.e. the accessibility of resources for the system (spatio-temporal organization, social capital, family resources) as well as the ability of the system to cope with uncertainty (level of vulnerability). Access to biophysical, organizational or socioeconomic resources, depends on several principles and related criteria. Maintaining mobility is crucial for the majority of pastoral systems worldwide. The sustainability of mobility can best be assessed by identifying constraints to mobility (access to pastures, family organization). Concerning spatial organization, many pastoral systems are located in remote areas far from resources that are important for professional and personal use. Criteria describing physical links or access to resources were defined here. We defined social capital as a means of empowering families. Empowerment implies having access to social networks and related goods and services (Adger, 2003) . We thus defined a way to characterize the rights of access and the position of the social group. Revue d'élevage et de médecine vétérinaire des pays tropicaux, 2015, 68 (2-3) : 135-142 each new application of the grid). To assess the adaptive capacity of the system (Darnhofer et al., 2010) we used the concept of buffering capacity. We hence analyzed the capacity of the system to cope with a range of disturbance, possibly by temporarily modifying its functioning before returning to its original condition.
Criteria related to Extended sustainability
Concerning the impacts of a pastoral system on the environment, first principle in this field, several factors need to be mentioned (Table III) . As these vary with the territory concerned, we did not write up a ready-to-use list but instead suggested two domains in which they can be classified: influences on pastoral resources, such as spontaneous renewable resources, and general influences (e.g. water, air). Here the aim was to draw up an inventory of different variables (around a specific topic) for a particular territory (de Wit et al., 1995; Payraudeau and van de Werf, 2005) to analyze their connection with pastoral systems and to classify them according to their domain of influence.
Concerning the second principle in the field Extended sustainability, pastoral systems can influence local development in different ways. The aim here was to evaluate the role of pastoral systems in maintaining rural dynamics in a territory. The evaluation could concern influences related to livestock production but also influences related to the survival of a society in the territory (Manoli et al., 2010) . The location of pastoral systems in remote areas logically led us to include the demography issue, employment, and services as factors involved in the sustainability and development of territories. Specifically concerning the influences of livestock production activities, we suggested analyzing both their influence on wealth production and on market chain dynamics.
■ DISCUSSION
The approach presented here (PSSAF) has a particular way of addressing the sustainability of systems. The field Availability of resources in the territory describes the territory (its biophysical and socioeconomic dimensions) and its capacity to host pastoral Next, analyzing households implies assessing the ability of the system to ensure food security and create income. We thus included food autonomy and the regularity of food supply, since some pastoral systems are based on self-consumption strategies. Concerning the generation of income, we identified the different sources on the farm: livestock production and other activities. Multiactivities and complementary sources of income play a role in the accessibility of external resources for the system as well as in the adaptive capacity of the system (Scoones, 1998) .
We proposed the principle of vulnerability by referring to the theoretical corpus of knowledge in the literature (Gallopin, 2006; Smit and Wandel, 2006) . As a result, we based this principle on three criteria: exposure to disturbances, sensitivity, and adaptive capacity. Exposure to disturbances and sensitivity were treated together as suggested by Smit and Wandel (2006) . To assess criteria related to the Properties of the system when faced with external disturbances, we suggested for instance analyzing the strength of the links that connect the system with the external factor concerned (these factors vary with the territory and will consequently need to be defined for between Luberon Natural Regional Park (PNRL) in France and the Center for Studies and Realization in Pastoral Mediterranean Alps (CERPAM) to test the ability of the grid to fulfill this function, i.e. perform a territorial diagnosis. PNRL and CERPAM have long been partners in the search to define and implement the best development policies of these areas. Their aim is to promote local development and environmental preservation of zones designated as protected areas (natural regional parks, biosphere reserves, Natura 2000 policies) and they felt that PSSAF was able to help them structure their diagnosis and therefore choose between several policy options. The analyses concerned the Luberon and the Lure mountains, where three pastoral systems coexist: Mediterranean ewes raised for meat, pre-Alpine ewes raised for meat, and dairy goats and ewes. A CERPAM and a PNRL agent started identifying sustainability indicators for their territories (e.g. quantitative or qualitative data, synthetic indicators, expert intuition). The experience confirmed the relevance of the method for expert analysis of sustainability as they were able to propose a first set of indicators after two days of work. Result analysis of this implementation of the grid will be the subject of a future paper.
The present global approach enables multiscale screening of the sustainability of pastoral systems in a given territory. Compared with other methods of assessing sustainability, PSSAF originality lies in the structure of the grid, which is not based on the usual three dimensions of sustainable development but on the relationships and links between the system and the territory, as well as on the properties of the systems. This makes it possible to use a cross-disciplinary approach to assess pastoral activities and their ability to ensure the sustainable development of territories.
systems. It is not limited to a stable situation but it assesses the possibilities for renewal based on the organization of the resources by stakeholders. This field has to be filled out only once for any given territory in a given period. The field Properties of the system covers the structural and functional characteristics of a system and its technical and economic performances. It has to be filled out for each system identified in the territory because the systems do not all share the same characteristics in terms of production, social groups and activities. Lastly, the field Extended sustainability specifies the impacts of each system on the territory. At this point, each system is assessed through its (positive or negative) externalities and its relative importance needs to be defined (e.g. number of families, total number of animals).
An original aspect of PSSAF was that we tried to avoid using a normative-technical approach (Barbier and Lopez-Ridaura, 2010) . The only technical point concerning the system was the mobility criterion, which we considered to be a major condition for such systems to be classified as pastoral. In the absence of mobility, such systems lost their 'pastorality'. We designed the grid to enable a diagnostic analysis of systems in a particular territory, not to provide a model or to compare systems in different territories. As a consequence, this method allows studying a range of different pastoral systems, highlighting their weaknesses only from the point of view of their sustainability. This resulted in a large number of criteria, i.e. 54 for 10 principles. Its practical implementation is thus more time and labor consuming than IDEA (16 objectives for 41 indicators). But our objective was different: the designers of IDEA provided a more normative method to assess the capacity of farms to achieve the objectives proposed (Zahm et al., 2008) . To this end, they established scores for several indicators and could consequently make comparisons. PSSAF is closer to EDAMA 5 (Terrier et al., 2010) or EVAD 6 (Chia et al., 2009) , which are also time and labor consuming to implement (EDAMA: 32 themes and 61 indicators; EVAD: 13 principles and 81 criteria). The objectives of these methods are closer to ours, i.e. to perform a diagnosis of sustainability.
As a structured list of principles and criteria, PSSAF can be used by several kinds of stakeholders as it stands. Concerning its implementation, we suggested two alternatives, both based on the postulate that indicators need to be specific to the situation to be analyzed. The first is to use the grid containing principles and criteria as a support for discussion between the actors of a territory. Considering the wide range of stakeholders involved in the development of territories (e.g. collectivities, individuals, companies), this could be a very interactive way to encourage actions for sustainable development at territorial level. In this case, the aim is to reach a shared view of the sustainability of a territory and to encourage recommendations that result from actors' discussions concerning the choice of indicators. It is a way of promoting participatory approaches like MESMIS 7 in the case of natural resources management in Mexican and Latin America contexts (Lopez-Ridaura et al., 2002) , or EVAD in the case of analyses of an aqua cultural territory (Chia et al., 2009) , which have been successful.
The second alternative consists in a development agent using the grid with its principles and criteria. The agent could be a consultant, or an NGO or administrative agent. In this case, the aim is then to build a set of specific indicators for a particular territory and to use it to perform a territorial diagnosis. A trial was conducted 5. Evaluation de la durabilité pour l'accompagnement des ménages agricoles 6. Evaluation de la durabilité des systèmes aquacoles 7. Marco para la evaluación de sistemas de manejo de recursos naturales incorporando indicadores de sustentabilidad
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Resumen Lambert-Derkimba A., Aubron C., Ickowicz A., Touré I., Moulin C.-H. Método innovador para asesorar la sustentabilidad de los sistemas pastoriles en sus territorios (PSSAF)
El futuro de los sistemas pastoriles y sus interacciones con territorios son el foco de un debate considerable en la literatura científica y se encuentran aún insuficientemente documentados. Asesorar la sustentabilidad de los sistemas pastoriles y sus interacciones con la sustentabilidad de los territorios es por lo tanto una tarea compleja. Proponemos en este estudio un método para asesorar la sustentabilidad de los sistemas pastoriles dentro de sus territorios. Después de revisar la literatura, condujimos entrevistas con expertos en pastoreo en Francia y África sobre el tema de la sustentabilidad en general y en sistemas pastoriles en particular. Diseñamos nuestra cuadrícula según un enfoque en los principios-criterios-indicadores e incluimos 10 principios agrupados en tres campos mayores: la disponibilidad de los recursos en el territorio, las propiedades del sistema y la sustentabilidad duradera. Comprender las estrategias utilizadas en los sistemas pastoriles nos permitió proponer un set de criterios específicos por principio. Finalmente comparamos nuestra cuadrícula con otros métodos utilizados para asesorar la sustentabilidad.
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